Ching-cheh Hung N a t i o n a l Aeronautics and Space A d m i n i s t r a t i o n Lewis Research Center Cleveland, Ohio 44135 and Michael E. D i l l e h a y and Mark S t a h l Cleveland S t a t e U n i v e r s i t y Cleveland, Ohio 44115 SUMMARY A s u r f a c e heater was developed using a g r a p h i t e fiber-epoxy composite as t h e h e a t i n g element. This heater can be thin, h i g h l y e l e c t r i c a l l y and t h e r m a l l y conductive, and can conform t o i r r e g u l a r surface. be used i n a i r c r a f t ' s thermal d e i c i n g system t o q u i c k l y and u n i f o r m l y heat t h e Therefore i t may a i r c r a f t surface. One-ply of u n i d i r e c t i o n a l g r a p h i t e fiber-epoxy composite was laminated between two p l i e s o f f i b e r glass-epoxy composite, w i t h nicke.1 f o i l c o n t a c t i n g t h e end p o r t i o n s o f the composite and p a r t l y exposed beyond t h e composites f o r e l e c t r i c a l contact. The model heater used brominated P-100 f i b e r s f r o m Amoco. The f i b e r ' s e l e c t r i c a l r e s i s t i v i t y , thermal c o n d u c t i v i t y 3 00 and d e n s i t y were 50 a-cm, 270 W/m-K and 2.30 gm/cm , r e s p e c t i v e l y . The c3 I u l cu w e l e c t r i c i t y was found t o penetrate through t h e composite i n t h e transverse d i r e c t i o n t o make an acceptably low foil-composite contact r e s i s t a n c e . When conductlng c u r r e n t , t h e heater temperature increase reached 50 percent o f t h e steady s t a t e value w i t h i n 20 sec. heater provided t h e r e was no water corrosion. I f t h e f o i l -c o m p o s i t e bonding f a i l e d d u r i n g storage, l i q u i d water exposure was found t o o x i d i z e t h e f o i l . Such bonding f a i l u r e may be avoided if p e r f o r a t e d n i c k e l f o i l i s used, so t h a t t h e composlte p l l e s can bond t o each other through t h e p e r f o r a t e d 'holes and t h e r e f o r e M1ockll t h e f o i l i n place.
be placed much closer to the exterior surface than would be the case with a more conventional electric thermal device for a composite installation. ' Other advantages of this anti/deicing heater over previous ones will also Such a design would allow the heater to be described in this report, along with the structure and design details of the model heater.
-. APPARATUS AND PROCEDURE
Heater Materials and Design
The basic design of the heater is illustrated in Fig. 1 four contacts between the nickel f o i l and the wires (points A, 8, C, and D i n The heater was then taken out of the water every 2 to 7 weeks, dried, and' heated by a 20 A current at ambient conditions. Table 3 .
heater, and the potential difference between the foils at both ends of the heater were again measured.
heating data described the extent of water corrosion.
The steady-state temperatures at the center and both
The Since the heater can be thin, the heat is applied directly to the region very close to the surface to be heated. Therefore the amount of heat accumulated by the composite heater is minimized, and the heating rate can be high despite the low transverse thermal conductivity. Also, since the heater can be thin, the electricity can penetrate through the heating element in the transverse direction despite the low transverse electrical conductivity.
Complete Electricity Penetration in the Transverse Direction
With a 100 mA current conducted through the heater described in Fig. 3 , the voltmeter readings obtained were found to have essentially the same value Table 3 . 
At that time the voltage drop across the heater was 2.05 V .

This result agrees with the suggestion given
